A method for the retrieval of optical and microphysical properties from in situ light scattering measurements is presented and the results are compared with existing measurement techniques. The Generalized Retrieval of Aerosol and Surface Properties (GRASP) is applied to airborne and laboratory measurements made by a novel polar nephelometer. This instrument, the Polarized Imaging Nephelometer (PI-Neph), can make field measurements of the absolute phase function and the scattering matrix element S12, at three visible wavelengths, over a wide angular range of 3 to 177.
The retrieval technique is applied to over 1,500 aerosol measurements made aboard the NASA DC-8 aircraft during the Studies of Emissions and Atmospheric Composition, Clouds and Climate Coupling by Regional Surveys (SEAC 4 RS) and the Deep Convection Clouds & Chemistry (DC3) field experiments. The resulting samples represent a wide variety of aerosols, including measurements of desert dust, biomass burning, urban, biogenic and marine emissions. In almost all cases GRASP fits reproduced the angular scattering patterns measured by the PI-Neph to within experimental error. Additionally, the retrieved aerosol particle size distributions (PSDs) agreed well with measurements made by commercial optical particle counters (OPCs) sampling in parallel to the PI-Neph. The retrieval technique was also applied to laboratory measurements of three species of humidified, inorganic salts. In all three cases the retrieved real part of the refractive index is found to be within the predicted error of 0.02 from the expected values. These results provide confidence in the refractive index product, as well as in the retrieval's ability to accurately determine PSD, without the assumptions about refractive index that are required by most OPCs. Lastly, retrievals performed on measurements of 903 nm diameter polystyrene latex (PSL) spheres agreed with the manufacture's specifications to within ~1 nm in peak diameter and ~0.01 in refractive index, indicating that the technique has the potential to characterize some monodisperse aerosols with significantly greater accuracy than natural, polydisperse PSDs.
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